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In this report, the quantitative and qualitative operational characteristics
of the recoil system used on the T-62 Tank are presented. The operational
characteristics were determined by testing an existing system in a
laboratory environment and replicating the results by computer simulation.
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This report contains the results of one segment of a Computer Integrated
Manufacturing (CIM) program for cannon under the Manufacturing Methods and
Technology program. This portion of the CIM program addresses the expansion
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numerical control machines and the current computer numerical control 0
technology to determine the viability of retrofitting a state-of-the-art
control to an older numerical control machine for direct Distributed
Numerical Control communication. Based on this investigation, a numerical
control machine tool was remanufactured and connected to Watervliet
Arsenal's Distributed Numerical Control system.
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moving base mesh in regions where error indicators are high until a prescribed
tolerance is satisfied. The static mesh regeneration procedure is used to
create a new base mesh when the existing ones become too distorted.

In order to test our adaptive algorithms, we implemented them in a system code
with an initial mesh generator, a MacCormack finite difference scheme for
hyperbolic systems, and an error indicator based upon estimates of the local
discretization error obtained by Richardson extrapolation. Results are
presented for several computational examples.
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Fatigue and fracture toughnecs properties were detemined for STA 60
precipitation hardening stainless steel used in the structure of the 105-mm
Light Gun. Fatigue properties (S-N crack for initiation and da/dN versus
.:K crack growth rate) and fracture toughness (JIc) were measured on both
parent sheet and welded joints for a range of heat treatments including
fully re-heat treated and peak aged (4500C), overaged as in production
(S300C), and as-welded joints not re-heat treated.
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The material was found to be notch sensitive. Fatigue crack growth was
much faster, and fracture toughness much lower, in the longitudinal (rolling)
direction of the sheet because of the presence of nonmetallic stringers
in the microstructure. Overaging had little effect on fatigue properties
compared with peak aging, but did achieve a significant improvement in
fracture toughness. Weld metal was more resistant to fatigue crack initiation
than parent sheet, but welds not re-heat treated were drastically limited in
all three properties because the weld heat-affected zones remained in the
soft condition.
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Results of the ratio of stress intensity factor to crack mouth displacement as
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Liquid phase vacuum sintering was used to densify four carbide groups. These
were titanium carbide, tungsten carbide, vanadium carbide, and zirconium

carbide. The liquid phase consisted of nickel with additions 3f molybdenum
from 6.25 to 50.0 weight percent at doubling increments. The liquid phase or

binder comprised 10, 20, and 40 weight percent of the pressed powders. The
specimens were tested using three-point bending. Tungsten carbide showed the

greatest improvement in bend rupture strength, flexural modulus, fracture
(CONT'D ON REVERSE)
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energy, and hardness using 20 percent binder with lesser amounts of molybdenum
i6.25 or 12.5 weight percent) added to nickel compared to pure nickel. A
refinement in the carbide microstructure and/or a reduction in porosity was
seen for both the titanium and tungsten carbides when the alloy binder was
jsed, compared to using the nickel alone. Curves depicting the above
orocerties are shown for increasing amounts of molybdenum in nickel for each

carbide examined. Loss of binder phase due to evaporation was experienced
during heating in vacuum at sintering temperatures. In an effort to reduce
porosity, identical specimens were processed by hot isostatic pressing (HIP)
at .5 Ksi and at temperatures averaging 1 1 0 0 below the sintering temperature.
The tungsten carbide and titanium carbide series containing 80 and 90 weight
percent carbide phase, respectively, showed improved properties after HIP,
wnle properties decreased for most other compositions.
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Ethylene glycol resulting from cooling system leaks can adversely affect
rLating properties when added to chromium plating and associated polishing
3o1utions. Ion chromatography can be used to monitor these leaks by
quantitativiely determining the glycolic, oxalic, and formic acid degradation. products of ethylene glycol.
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There is a long-standing interest in developing a capability to predict the
dlistribution of residual stresses in thick-wall tubes after internal
? resslirization--autofrettage. Since autofrettage involves partial or f-l1
piast c deformation of the tube, any computation of stress under pressure and,
hence of the post-pressurization residual stresses, depends upon the assumed
yield criterion. The latter may or may not include the material's strain-
hardening and/or strain-softening capabilities. The most commonly used
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:riteria are those named after Tresca and Mises.

:n the absence of exact solutions for plastic deformations, simplifying
assmpxtcns concerning the material's behavior are being made for the
4evezcpment of workable solutions, sometimes with the knowledge that certain
vslzal ortncicles are beino violated.

!anv sua gested solutaons to the problem of autofrettage assume that Tresca's
.ielo zritericn prevails. Recent attempts to treat a "modified Tresca's yield

-cn" as Mises' vield criterion and/or attempts to add strain-hardening
and or strain-softening (Bauschinger effect) to Tresca's yield criterion are
oeina :uestloned here.
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The total thermal resistance Rtotal is proposed as a parameter for evaluating
thermal shroud design and performance. The primary effect of this parameter
is to resist the flow of heat between the gun barrel and the external
environment which may result in the production of temperature asymmetries
and associated muzzle deflection.

(CONT'D ON REVERSE)
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20. BSTRACT (CONT'D)

A theoretical heat transfer model of the shroud/gun tube assembly predicts
that internal convection effects in conventional air-gap type shrouds impose
a definite limit on the thermal resistance. The model also demonstrated
that surface emissivities on the shroud interior greatly affect the radiation
heat transfer between the shroud shell and gun tube, and that the thermal
resistance can be increased by incorporating low emissivity materials in the
design.

:o support the theoretical analysis, a laboratory experiment was performed
on a three-foot long shroud/tube section. The assembly was externally
heated to simulate the effects of direct sun. Cross-tube temperature
differences were recorded to assess the effects of radiation heat transfer
for different configurations. Tests indicate a decrease in temperature
difference of 68% in the air-gap type and over 160% in the insulated type
can be obtained for configurations employing foil barriers to reduce the
internal radiative effects.
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This study addresses the stress-corrosion crack.ig susceptibility of liquid-
phase sintered tungsten alloys during long-term storage. These alloys are
used for kinetic energy penetrators in military applications and it is
essential that the structural integrity of the penetrator is not diminished
due to the combined action of the chemical environment and the residual
manufacturing stresses.
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This report describes test methods used for assessing the resistance to stress-
corrosion cracking in terms of the stress intensity parameter, Yscc" The
alloys were obtained from different sources and had up to 10 weight percent
additions of selected combinations of nickel (Ni), iron (Fe), copper (Cu), and
cobalt (Co), and different process variables. Cantilever-bend specimens were
used and the test environment was an immersion in 3.5 percent sodium chloride
(NaCl) aqueous solution followed by sustained loading in 95 percent relative
humidity air.

The findings of this study were as follows: (1) Fracture mechanics was shown
to give a good assessment and ranking of the resistance to stress-corrosion
cracking of the various alloys. (2) Evidence of stress-corrosion cracking
was found in the region controlled by the stress intensity fastor, generally
designated as region III. (3) An unloading compliance procedure similar to
that applied in J-integral testing was shown to give accurate measurements of
stress-corrosion crack growth. (4) A crack closure phenomenon was identified
using the unloading compliance procedure and attributed to the accumulation of
corrosion products between the crack faces following certain exposure times to
the environment.
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Tensile fracture and interlaminar mode I delamination failure may be considere--
-as :he inper and lower bounds of performance for fracture of fiber zomposite
Laminates. while these failures have been studied extensively in the
Literature, little prog ress has been made towards developing an understanding
of the micromechanisms of the failure processes which, in fact, govern the
macroscoic performance. C N DON RV SE
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This report emphasizes the microscopic deformation processes and seeks to
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failure in glass and carbon fiber/epoxy laminates on the fracture energy of
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This report presents the results of a theoretical and experimental
investigation of the effects on bore strain when a portion of the wall
thickness of a steel cylinder is replaced with organic composite material. The
pressure vessel is pressurized interTnally and the bore strain is theoretically

* predicted and experimentally measured as a function of wall ratio. Theoretical
results for various ratios of steel to composite, from all-steel to all-
composite, are given. The theoretical solution was obtained by equating the
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20. ABSTRACT (CONT'D)

hoop strain of the steel with the hoop strain of the composite at the material
interface. Lame's stress solution was used as input for the steel hoop strain,
whereas Lekhnitskii's stress solution obtained for orthotropic cylinders was
used as input to the composite hoop strain equation. The experimental results
are for steel liners that have two thicknesses and are wrapped in the circum-
ferential direction with a graphite-bismaleimide organic composite. Also
presented are predicted weight savings achieved by replacing steel with the
organic composite. The results show that a penalty is paid in wall thickness,
:ut that a weight savings is achieved when a part of the steel cylinder is
replaced with an organic composite.
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"n -a study of perforated muzzle brakes, Nagamatsu, Choi, Duffy, and Carofano
calculated the three-dimensional steady flow through one vent hole and used
the results to predict overall brake performance. In the present study, the
analysis is extended to the calculation of the blast field. The results
compare favorably with previously unpublished shadowgraphs obtained by
Dillon in his experimental program.
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